Abstract: To investigate the prevalence and causes of visual impairment and blindness in a sample of Polish older adults.
INTRODUCTION
A ccording to the latest reports of the World Health Organization (WHO), the total number of persons with visual impairment worldwide was estimated to be 285 million in 2010; of whom 39 million were blind. However, this number is less than the 314 million from previous reports. The differences in prevalence of visual impairment between high-income and lowincome countries as well as between different WHO regions are still very large. [1] [2] [3] On the basis of available reports, the rate of visual impairment among adults varies from 5% in Scandinavian countries to 46% in India (according to presenting vision). 4, 5 Despite the prevalence of visual impairment in all industrialized countries being rather low, the risk of age-related visual impairment in Europe is assumed to be on the rise, because of increased longevity. 6, 7 In the European region, the total number of persons with visual impairment is estimated to be more than 28 million; of whom 2.7 million are blind. 1 According to the World Health Survey (WHS), which was carried out in adults in years [2002] [2003] in 70 countries, the age-adjusted prevalence of any far vision difficulty in Europe varies from 5.7% in Norway to 25 .2% in Russian Federation. The age-adjusted prevalence of severe or extreme far visual difficulty varies from 0.5% in Finland to 6.6% in Turkey, respectively. 1, 2 Although many studies concerning visual impairment have been conducted in Western European countries, there is a lack of studies from Eastern European nations (post-Soviet countries). From Poland there have been only few reports concerning children and we previously published a large data set acquired during a survey conducted on young men in the military population. [8] [9] [10] [11] Separate studies concerning older adults in Poland have not been undertaken. Taking this fact into account, we decided to perform another study concerning the population of citizens aged 35 years and older (see paragraph below for demography). The aim of this study was the assessment of the prevalence and causes of visual impairment and blindness in a sample population of Polish older adults. To the best of our knowledge, this is the first prevalence study from Poland concerning the visual status of the older population.
MATERIAL AND METHODS

Subjects
The study was designed in a cross-sectional and observational manner. Lodz voivodship, located in central Poland, is inhabited by 2.6 million people. The city of Lodz is the capital of the province and the second largest city in Poland. Lodz consists of 740,000 inhabitants (2011 national census), mostly of middle socioeconomic status. 12 Because this study was a continuation of our previous survey, we used the same methodology for subject sampling. In brief ''sample size for the study was calculated with 99% confidence, within an error bound of 5%. The sample size requirement was 661, as calculated by
where Z ¼ 2.57 for 99% confidence interval and d ¼ 0.05 for 5% error bound. After allowing for an arbitrary 50% increase in sample size to accommodate possible inefficiencies associated with the sample design, the sample size requirement increased to 991 subjects.'' 10, 11 We decided to define an older adult as a person of 35 years of age or older, because in our previous studies we considered young adult as person aged 18-34 years. 10, 11 Since the Department of Ophthalmology and Visual Rehabilitation of Medical University of Lodz has the biggest number of both outpatients and inpatients in the city, we decided to use simple systematic sampling to select our study population. In total, 14,110 patients were examined in our Outpatient Department in year 2012 and we included into the study every 10th subject aged 35 years and older. Based on age, the subjects were divided into two groups: group I aged 35-59 years and group II aged 60 years and older. The study was approved by the institutional review board of the Medical University of Lodz and patients' data were all anonymized before any data analysis which included age socioeconomic status as well as brief details of the eye conditions. Because of the nature of the survey, the institutional review board waived the need for written informed consent from the participants, but otherwise the work was conducted in accordance with the provisions of the Declaration of Helsinki for research involving human subjects.
Definitions and Eye Examinations
Distance visual acuity (VA) was tested monocularly using a retroilluminated Snellen chart at a distance of 4 m (with spectacles if worn). As part of the ophthalmic examination, cycloplegic refraction data were obtained in all subjects presenting with distance VA less than 20/40 in one or both eyes using the Topcon KR 8900 autorefractometer (supplied by Topcon Corporation, Tokyo, Japan). Based on this refraction, subjective refraction tests were performed to achieve bestcorrected visual acuity (BCVA). Presenting visual impairment was defined as distance VA less than 20/40 (decimal VA, 0.5) in the worse-seeing eye. Correctable visual impairment was defined as that eliminated by refractive correction. Visual impairment, which could not be eliminated by refractive correction, was considered noncorrectable. 10 We used United States criteria for the definitions of low vision and blindness. 13 Low vision was defined as BCVA less than 20/40 (decimal VA, 0.5) but better than 20/200 (decimal VA, 0.1) in better-seeing eye. Blindness was defined as BCVA equal to or less than 20/ 200 (decimal VA, 0.1) in both eyes. Additionally, comprehensive eye examination included slit lamp and indirect ophthalmoscopic evaluation of the anterior and posterior segments, cover test, binocular vision and color vision assessments, intraocular pressure measurements, as well as other examinations, that is, visual field, ultrasound imaging, optical coherence tomography, fluorescein angiography, computed tomography (CT), and magnetic resonance imaging (MRI) when needed. The principal cause of impaired distance vision (VA <20/40 in worse eye) was assigned for each eye using a 14-item list. The cause of VA loss was assigned to refractive error in each eye, if VA improved to 20/40 or better with spectacle correction. For other causes of visual impairment and blindness we used the definition from 10th revision of International Statistical Classification of diseases, injuries, and causes of death (ICD-10).
Data Management and Statistical Analysis
All statistical analyses were performed using STATIS-TICA v. 10.1 PL software (StatSoft Polska, Krakow, Poland). Prevalence rates of presenting correctable, noncorrectable visual impairment as well as of low vision and blindness were calculated. Prevalence rates of ocular causes of visual impairment and blindness were calculated. The associations between the distance VA and the subjects' age and gender were explored by x 2 statistics (P < 0.05). Multiple logistic regression statistics were used to investigate the association of presenting visual impairment, low vision, and blindness with age, gender, and socioeconomic status of participants. Odds ratios (ORs) were computed. All sample means are reported with their standard errors. All presented confidence intervals (CIs) are 95% CI.
RESULTS
Subjects
The demographic characteristics of all participants in the study are presented in Table 1 . A total of 1107 persons aged !35 years were enumerated and included into the study. According to 2011 national census, they were a fair representation of the population of the city of Lodz in terms of sex distribution (statistical analysis-chi-square test: x2 ¼ 3.64, P > 0.05) and socioeconomic status. 12 The mean age of the study population was 60.4 AE 7.1 years (range, 35-97 years). Among all 1107 subjects, 642 were women (58.0%) and 465 were men (42.0%). They were divided into two age groups: 520 (47.0%) subjects were between 35 and 59 years of age, and 587 (53.0%) subjects were aged 60 years and older. Statistical analysis revealed that the two groups did not vary significantly in gender (x 2 test P ¼ 0.158). However, in our study women outnumbered men by 16.0% and this was mainly attributable to excess male death rate characteristic of the Soviet areas, which is still producing its effect in Poland. 12 
Presenting Visual Impairment
We obtained reliable VA measurements in 2214 eyes of 1107 subjects (Table 2 ). Overall 42.0% (95% CI 39.1-44.9) Differences between distance VA in particular age groups as well as among genders were statistically significant (x 2 test P < 0.001 and P ¼ 0.01, respectively). The prevalence of distance VA of !40/50 in both eyes was lower, and the prevalence of distance VA of <20/40 in the worse-seeing eye was higher in the age group !60 years and in women. Multiple regression analysis showed that the prevalence of presenting visual impairment for a 20/40 cutoff in worse-seeing eye was associated with age (OR 0.98, 95% CI 0.97-0.99) and with female gender (OR 1.47, 95% CI 1.11-1.93). For each year increase of subject's age, the odds of presenting visual impairment increased by 2%. However, no association was found between presenting visual impairment and socioeconomic status of subjects.
Correctable and Noncorrectable Visual Impairment
The prevalence of correctable and noncorrectable visual impairment is presented in Table 3 . Subjective refraction measurements were performed in all eyes with distance VA of <20/40. In total, presenting visual impairment was found in 304 (27.5%; 95% CI 24.8-30.1) subjects in worse-seeing eye. Of these, distance vision could be improved in 227 (20.5%; 18.1-22.9) subjects, after subjective refraction. Overall 77 (7.0%; 95% CI 5.5-8.4) subjects had noncorrectable visual impairment in worse-seeing eye. Of them 57 (5.2%, 95% CI 3.8-6.4) subjects had unilateral visual impairment. Twenty patients had bilateral visual impairment (BCVA <20/40 in both eyes), which accounted for 1.8% (95% CI 1.0-2.6) of whole population. This included participants with both low vision and blindness. The prevalence of low vision and blindness was 1.3% (95% CI 0.6-1.9) and 0.5% (95% CI 0.1-1.0), respectively. Since the number of blind people was low, we combined two groups (low vision and blindness) together for analysis. The number of participants with low vision and blindness was higher in the age group !60 years and in women. However, in multiple logistic regression modeling with age, gender, and socioeconomic status, low vision and blindness were only associated with older age (OR 1.05, 95% CI 1.02-1.10). Gender and socioeconomic status were not significant factors.
The Principal Causes of Unilateral and Bilateral Visual Impairment
Six subjects were classified as ''blind'' (BCVA 20/200 in both eyes). This was attributable to one case each of agerelated macular degeneration (AMD), glaucoma, degenerative myopia, corneal problems, toxoplasmosis, and ocular albinism (both classified as other retinal disorders). Table 4 shows the distribution and prevalence of unilateral and bilateral noncorrectable visual impairment. Overall AMD was the leading cause of noncorrectable visual impairment accounted for 18.2% of all visual impairment cases, followed by cataract and amblyopia both accounted for 15.6%. Statistical analysis of the differences between the prevalence of particular causes of noncorrectable visual impairment and the subjects' age as well as gender was not performed due to the low number of cases. However, in younger individuals (35-59 years) amblyopia was the main cause, followed by diabetic retinopathy and corneal problems. In older individuals (!60 years) AMD, followed by cataract and glaucoma, was the main cause. A comparison of causes of noncorrectable visual impairment between genders showed that in both sexes AMD was the most common cause found. For unilateral noncorrectable visual impairment, amblyopia was responsible for 21.0 % cases, followed by AMD and cataract. AMD was the leading cause of bilateral noncorrectable visual impairment and accounted for 25.0% cases, followed by cataract and glaucoma. When retinal disorders were grouped together, they represented the most common cause of both unilateral and bilateral noncorrectable visual impairment.
DISCUSSION
This study on the outpatient referrals to our eye hospital describes a large unselected population of Polish citizens and provides reliable data about the prevalence and causes of visual impairment in older adults in the City of Lodz, in central Poland. According to WHO, low vision was defined as BCVA of less than 6/18 but equal to or better than 3/60 in better-seeing eye, and blindness was defined as BCVA of less than 3/60 in both eyes. 1 However, in recent years, most researchers conducting population-based studies have in practice departed from the WHO definitions in two aspects. ''First, they have recorded presenting vision (habitual vision), that is, the VA of the patients as they come to the examination site. Second, the cutoff level of acuity for visual impairment had been moved to less than 6/12 (20/40) in recognition of the increasing visual demands in all countries, for example, for driving and use of computers.'' 13 Since VA of 20/40 is a required criterion for driving license certification in many countries including Poland, our data have been presented using United States criteria for the definitions of low vision and blindness. This methodology is similar to that in earlier population based surveys in Europe, Australia, United States, and elsewhere. [14] [15] [16] [17] [18] [19] [20] Our data have been also presented based on presenting VA in worse-seeing eye to show the real magnitude of visual impairment in this older population. Overall the prevalence of presenting visual impairment in the examined population was rather high (27.5%). The study revealed that presenting visual impairment was significantly associated with older age and with female gender. Our prevalence rate of presenting visual impairment was similar to some rates found in a number of population-based studies from low-income south Asian countries, 5, [21] [22] [23] and was higher than in several previous population-based surveys from Europe, Australia, both Americas, and Singapore. 4, 15, 18, [24] [25] [26] But those studies defined presenting visual impairment as VA in a better-seeing eye. Direct comparison of our results to the results obtained in other studies conducted on adults is also limited due to differences in study design and population sampling. The major limitation is the fact that we enrolled patients solely from our Outpatients Department, thus the prevalence of ocular disorders might be overestimated. However, our results were in agreement with the research performed in Hong Kong by Michon et al, who used similar criteria and found presenting visual impairment in at least one eye in 41.3% of subjects 60 years of age and older. 27 Hong Kong is also a middle-income country, similar to Poland. We did not find any association between presenting visual impairment and socioeconomic status of subjects. In total, 27.5% of subjects participating in our study had presenting visual impairment in at least one eye, as mentioned earlier. But the prevalence of visual impairment in either eye, not due to refractive error, was only 7.0%. We found that in 75% of the cases, based on the presenting vision, visual impairment could be simply eliminated with refraction and appropriate vision correction. Findings from our study were in agreement with research on the correctable visual impairment of older adults in Australia, predominantly of European Caucasian origin, where the rate of correctable visual impairment was 68%, 26 and with data from the 2005-2008 National Health and Nutrition Examination Survey (NHANES) in the United States, where around 73% of subjects with presenting visual impairment could achieve good VA with correction. 15 The present study revealed that bilateral visual impairment (BCVA <20/40 in both eyes) accounted for 1.8% of whole population. This included participants with both low vision (1.3%) and blindness (0.5%).
Comparison of sampling techniques and the prevalence of low vision and blindness in different populations from previously published studies is presented in Table 5 . Multiple regression analysis showed that low vision and blindness were only associated with age. Our data also indicated that distribution of causes of noncorrectable visual impairment varied by age. Among persons aged 35 to 59 years amblyopia was the main cause, followed by diabetic retinopathy and corneal problems. In older individuals (!60 years) AMD, followed by cataract and glaucoma, was the main cause. In the whole population, AMD was the leading cause of noncorrectable visual impairment followed by cataract and amblyopia. Overall retinal diseases represented the major cause of both unilateral and bilateral noncorrectable visual impairment and accounted for two-thirds (66.6%) of the causes of bilateral blindness. Our results were in agreement with other studies from Europe, Israel, and Australia, which found retinal diseases as a major cause of bilateral blindness in subjects of predominantly European Caucasian origin. 6, 14, [28] [29] [30] [31] [32] In conclusion, the present study reports for the first time an analysis of visual status of older adults in Poland. Increasing age and female sex are independent risk factors associated with visual impairment. Provision of appropriate refractive correction improves VA in 75% subjects with presenting visual impairment. Retinal diseases are a major cause of noncorrectable visual impairment and blindness, and are likely to become more important due to an ageing population. 21 Cluster sampling and a door-to-door enumeration 
